(J-Lactoglobulin (P-Lg). In addition, the association between K-Cn genotypes and milk yield was studied.
Introduction
In the past, dairy cattle breeders paid more attention to quantitative criteria (yield and fat content of milk) than to other criteria. Lately, however, milk protein polymorphism (qualitative criteria) has received considerable attention from the dairy industry because of its effect on the manufacturing properties ofmilk and the yield and quality of the products. Consequently, in the last 30 years the distribution of the genetic variants of milk proteinscaseins (Cn) and (3-lactoglobulin ((3-Lg) -in different breeds has been studied and the possible benefits of considering protein genotypes in selection programmes have been discussed. The vast number of studies on the association between protein polymorphism and the physiochemical properties of milk in different breeds has recently been reviewed by Jakob and Puhan (1992) . The main results were that there are favourable milk protein variants which are associated with the technological properties of milk: as |-Cn C is associated with firmer curd, ()-Cn B with shorter coagulation times, (J-Lg B with high casein number and K-Cn B with shorter renneting time (DAVIES and Law 1977 , KROEKER etal. 1985 , Schaar 1984 ,Jakob and Puhan 1986 , Mariani et al. 1976 , Tervala et ai. 1985 , Marziali and Ng-Kwai-Hang 1986 , McLean 1986 , Aaltonen and Antila 1987 .
Reports on the association between K-Cn genetic variants and milk yield are somewhat conflicting. Whereas Aleandri et al. (1990) and Ng-KwaiHang et al. (1990) found no significant associations, results from other groups (Lin et al. 1989) indicate that there is indeed a relationship. However, because of economic interests, it has been suggested that favourable milk protein genotypes, Otsi-Cn CC, p-Cn 88, K-Cn BB and P-lactoglobulin 88, should be included into the criteria for selecting dairy cattle.
The objectives of this investigation were to study the frequencies of the genetic variants of a-, P-, 
BV
The milk was genotyped for variants of ot s i-Cn, p-Cn, K-Cn and P-Lg using isoelectric focusing (Seibert et al. 1985) .
Statistical analysis
To study the association between K-Cn variants and milk yield (305-day lactation yield), an analysis of variance was carried out using the General Linear Model (GLM) Procedure Type SSIII (SAS 1988) . The model included the fixed effects ofK-Cn locus and lactation number as classification variables. Only the phenotypes K-Cn AA, AB and BB were included, but not phenotypes including K-Cn C and E alleles because of their low frequencies in this material ( Table 2 ). The herd effect was ignored because from some farms less than 5, from others more than 30 records were available. Sires were not included in the model because of lack of data for sires used in the studied original Swiss breed herds (OSS and OSB).
The officially recorded milk yield, i.e., a 305-day lactation yield, was used in the statistical analysis. First-lactation records as well as records of cows with a lactation number higher than 10 were excluded because they were not available for all breeds. Moreover, 67 samples were excluded because of identification difficulties of their casein variants, leaving 954 samples for statistical analysis.
The model used to analyze the data was The allele frequencies are shown in Table 1 . Regarding homozygote genotypes of the favourable genetic variants, a s |-Cn CC , P-Cn BB and P-Lg Li and Gaunt (1972) reported the fre- It is difficult to find an appropriate explanation for the differences between the allele frequencies in the original Swiss breeds, OSS and OSB, on one hand, and in their crosses, FV and BV, with the American breeds, BS and RH, on the other. One of the reasons might be the crossing itself due to differences found between the original Swiss breeds and their crosses (Table 2 ). It is known that crossbreeding of original Swiss Simmental with American Red Holstein, and also of original Swiss Brown with American Brown Swiss, began around 1970 and is constantly increasing. Genetic improvement in dairy cattle has principally been dependent on quantitative genetics. This would suggest that dairy breeders have indirectly selected in favour of some genetic variants which are in positive correlation with the quantitative characteristics. This is affecting and altering the genetic make-up of milk proteins. It can be concluded that the variation in the frequencies of milk protein genes between different populations are mainly, if not entirely, the result of breeding and crossing.
Allele frequencies of K-Cn
Allele frequencies in Table 1 show that K-Cn A and B variants were predominant and that K-Cn E and C were rare. The K-Cn E variant was identified only in FV and K-Cn C variant in OSB and BV.
In OSS the difference in frequencies between K-Cn A (0.514) and K-Cn B (0.486) was not as pronounced as in FV where the frequencies were 0.593 and 0.396, respectively. In OSB, the K-Cn variants A, B and C were present with frequencies of 0.539, 0.424 and 0.037 and in BV with 0.409, 0.575 and 0.016, respectively. The allele frequencies ofK-Cn A and B in OSB and BV were different from those in OSS and FV. K-Cn A was predominant in OSS, FV and OSB, and K-Cn B in BV. The results concerning the frequencies of K-Cn variants in the studied populations agreed in many respects with those reported for Italy and Germany. Mariani (1987) found allele frequencies ofK-Cn A : B ; C = 0.504 : 0.490 : 0.006 and Erhardt (1989) K-Cn A:B : C = 0.505 : 0.479 : 0.016 in the Brown cattle. Ll and GAUNT (1972) reported the frequency 0.41 for K-Cn A and 0.59 for K-Cn B for Brown Swiss in the USA.
It was found that the highest K-Cn B (favourable variant) frequency occurred in B V (0.575) followed by OSS (0.486), OSB (0.424) and FV (0.396) . This might support the view that the frequency ofK-Cn B increases in the Swiss Brown cattle population due to crossing with American Brown Swiss and decreases in the Simmental cattle population due to crossing with American Red Holstein. A comparison of the allele frequencies of K-Cn in Austrian FV, reported in 1975 (K-Cn A 0.59 and K-Cn B 0.41) by Foissy and Winterer and in 1991 (K-Cn A 0.70 and K-Cn B 0.30) by MAYER et al., showed that the frequencies of K-Cn A had increased whereas the frequency of K-Cn B had decreased during this period. The same result has also been observed in German dairy cattle by BUCHBERGER (1990) and in Danish dairy cattle by Bech and Kristiansen (1990) .
K-Cn variants and their relation to milk yield
The results of the statistical analysis on the associations of K-Cn variants with a 305-day lactation yield are presented in Table 3 .
For the majority of the breeds (FV, OSB and BV), K-Cn polymorphism was not significantly associated with the 305-day lactation yield. For OSS, however, a significant (p < 0.05) association was found between the K-Cn locus and 305-day lactation yield.
When comparing the least squares means for the different K-Cn genotypes, the FV cows with K-Cn AA out produced those with AB and BB by 122and 239 kg milk, respectively. For OSS, the differences were higher: cows with K-Cn AA produced 215 and 766 kg milk more than those with K-Cn AB and 88. For BV and OSB the differences were small. In a study by Taha (1992) comprising the same animals as the present study but also including first-lactation cows and those with more than 10 lactations (11th, 12thand 13th lactation), the same tendencies were found but the differences between the K-Cn genotypes were all non significant. Neither was there any significant overall effect of the K-Cn locus on milk yield for any of the breeds.
Our results agree in some aspects with the works of McLean et al. (1984) and Aleandri et al. (1990) , who failed to find any association between K-Cn and milk yield. In contrast, Ng-Kwai-Hang et al. (1986) reported that a higher test-day milk production was associated with K-Cn AA. Lin et al. (1989) demonstrated, however, that the K-Cn locus had a significant effect on fixed parity and on fixed age total milk yield and herd life, and that cows with K-Cn BB produced more milk than those with K-Cn AA and AB. He argued that first-lactation records alone should not be used when studying the association between K-Cn variants and milk yield.
We have reason to believe, moreover, thatrecords from more than one lactation are needed to determine such association.
Conclusion
Our study suggests that before genetic variants of milk proteins, in particular K-Cn, are included in selection and breeding strategies, it is essential to account for the magnitude of both the effects of the different milk protein loci on quantitative traits such as milk yield as well as on traits of a more qualitative nature such as manufacturing properties.
